A growing scholarship in organization studies has examined how visual practices are informed by and situated within organizational settings and routines. Using the concept of professional vision, this is a study of the visual work of embryologists selecting human embryos in the field of assisted reproductive technologies. The term professional vision accentuates how embryologists cope with a number of tensions to accomplish disciplinary objectivity in their work. The study shows how visual practices are simultaneously individual and collective. While there are internationally enacted standard protocols guiding the routine-based work, these are continuously modified as novel clinical data is reported. Therefore, the embryologists' inspection of life needs to actively accommodate both standard cases and deviations therefrom. This ultimately renders the professional vision of embryology something other than an "exact science" but rather a fluid, partly improvised, subjective, and at the same time highly specialized, routinized aesthetic practice. The study contributes to the emerging scholarship on visuality and professional vision in organizations, specifically to how standards are used in such practices. In addition, the study adds to the organizational research on assisted reproduction technology.
Introduction
This article demonstrates how professional vision, being the capacity to align or conflate individual skills and collective ways of seeing in organized and regulated settings, is simultaneously dependent on reproducible standards and protocols. In the field of reproductive medicine, more specifically, what is dependent on and reproduced, is the work conducted by embryologists in in vitro fertilization (IVF) laboratories, i.e., "inspecting human life" in its earliest instances. This renders professional vision an organized and managed visual practice, bound up with standards and the routines for collective verification. Such routines include the IVF laboratory set-up, division of labor, use of technologies and its performance, i.e., its ability to generate pregnancies. The empirical material reported here adds to the growing literature on visual practices and visuality in organization studies (Bell et al. 2013; Styhre 2011; Ewenstein and Whyte 2009) , to the literature on professionals and professional work (Currie and White 2012; Suddaby and Viale 2011; Abbott 1988; Freidson 1986) , and to the scholarship on reproductive medicine practice. The work of embryologists, granted the professional jurisdictional discretion needed to select the embryos to transfer to the womb, is of interest for students of visual practices and visuality. They represent a medical practice that still, in the era of advanced and highly sophisticated technoscientific medicine, relies on judgment (e.g., Lamont 2009; Zaloom 2006; Benner 1984) . This judgment is what Taylor and Hansen (2005: 1213) and Ewenstein and Whyte (2007: 689) call aesthetic knowledge, the capacity to make use of the faculty of vision and forms of know-how that defy formal descriptions. In this case, the aesthetic knowledge is used to select embryos that best comply with the shared, clinically verified and continuously corrected standards established in the clinics.
In reporting this empirical material, the term professional vision (Goodwin 1994 ) is employed and understood as an analytical concept which fruitfully bridges subjective skills and sensibilities, and shared collective routines for visual inspection. Professional vision includes "ways of seeing," standard protocols directing such visual inspection, and materiality and technologies that generate visual materials 1 3 such as photographic plates or sonograms. In other words, professional vision denotes the totality of the trained and entrenched individual and collective visual skills structuring a professional field of expertise. Such professional vision is of relevance for a variety of activities including the development and monitoring of socio-technical systems such as security screening (Kraemer et al. 2009 ), in health care practices such as breast cancer screening (Hartswood et al. 2002) , or in scientific research work in, e.g., tissue engineering (Vyas 2013) . However, the organizational aspects of such professional vision work practices have not been fully addressed in previous studies, an area in which this study seeks to contribute.
Reproductive medicine is a life science discipline that studies the biological mechanisms of ovulation, fertilization, and embryo growth (Watkins 2001; Clarke 1998; Gherardi and Perrotta 2010) . In 1978, the first baby fertilized on the basis of what became known as "in vitro fertilization" (IVF) was born in the UK and during the next few years, the new domain of expertise was successfully put to use in a series of countries (Thompson 2005; Franklin and Ragoné 1998) . In 2010, Robert Edwards, one of the pioneers of reproductive medicine, was awarded the Nobel Prize in medicine and physiology (Hamberger and Wikland 2010) , an event that testified to the success of assisted reproduction as a clinical practice helping millions of despairing couples and (later on) single women become parents. Today, the clinical branch of reproductive medicine-assisted reproduction or IVF-is institutionalized as part of the regular national health services in many OECD countries.
IVF is a complex therapy including several steps and procedures. After the gametes (egg and sperm) have been retrieved, the fertilization is conducted in the laboratory setting by embryologists (a specialist that usually has their basic training as a biomedical scientists). The fertilization is achieved either through what is referred to as in vitro fertilization where egg and sperm are brought together in a test tube, or, in the case of low sperm motility or sperm count, through what is called intra-cytoplasmic sperm injection (ICSI), where the sperm is injected into the egg. After being grown in an incubator, the embryos, in most cases around eight to ten, are inspected by embryologists-first after 25 h, then again at regular intervals. During the inspections, the speed of the division of the cells is controlled to detect any genetic deviations, as well as other possible variations in the visual appearance of the embryo-and one-embryo (or in some countries multiple embryos) is transferred to the uterus after 2-5 days. The embryologists are thus the professional category at the clinics who visually assess which of the embryos to select, in some cases in dialog with the physicians who are legally responsible for the treatment of the IVF patients. It is important to note that this assessment is not based on any automated or mechanical measurements such as weight or size, or any other biological parameters, but rather, the procedure is entirely based on the visual practices of the community of embryologists.
These visual selection practices have developed, and continue to develop, in combination with historical hard endpoint data, i.e., the number of pregnancies reported after the fact. At the same time, there is much that remains to be known regarding how the embryo connects to the endometrium of the uterus after the transfer, and at times the transfer of embryos exhibiting an appearance associated with low quality still lead to pregnancies, while in many other cases visually verified high-quality embryos are also aborted. Regardless of such difficulties involved in predicting the post-transfer survival rate of embryos, our study will show how embryologists have organized their own professional routines and procedures for their visual assessment work. Their practices are embedded in shared and collective visual competence: A professional embryologist vision. Moreover, their professional practices are an essential organizational resource in IVF-clinics, making this a good case for contributing to the study of professional vision.
The remainder of this paper is structured accordingly: The theoretical framework of the study includes two sections. The first section reviews the literature on professional vision and visuality in organizations. In the second section, studies of professional vision used in assisted conception work and the use of assisted reproduction technology are discussed. Thereafter, the methodology of the study is presented. Fourthly, the empirical material is presented in three sections: first, the aesthetic, improvisational choices and routine-based selection; second, the individual skills and collective standards are examined; the final section addresses the subjective assessment and objective data in informing the embryologists' professional vision. In the final sections of the article, the study's theoretical contributions are presented and discussed.
Professional vision in organizations
In the Western tradition of thinking, vision and visuality is closely connected to truthfulness and credibility. Words such as "clarity", and "transparency", and expressions such as "a picture is worth a thousand words" or "see for yourself" indicate that the capacity to execute vision, to look and to see, is a privileged human faculty in Western epistemology (Blumenberg 1993; Crary 1990) . Not until the midnineteenth century was vision problematized as a form of subjective competence. Studies have shown that vision is less a matter of passively registering external sense impression, but instead is a complex neurological-psychological process integrating the perceptual apparatus and cognitive interpreting capacities. For example, Daston and Galison 1 3 (2007) make a useful distinction between epistemologies of vision, i.e., the totality of shared theoretical and philosophical concerns regarding the possibilities for acquiring knowledge through visual perception, and practices of seeing, the day-to-day work to execute and further develop the professional vision of a community. It is in a similar vein that Goodwin (1994) introduces the term professional vision. This concept bridges epistemologies of vision and the day-to-day work conducted by various professionals on the basis of their visual skills and interrelated resources.
1
In the life sciences and in health care work (including reproductive medicine and IVF-practices), professional vision is informed by the process of self-correction on the basis of incoming clinical data and evidence. That is, professional vision in, e.g., health care professional work is not so much a matter of individual and collective preferences, in this case as the vision is modified on the basis of reported pregnancies. Yet, visual practices in scientific communities need to be simultaneously individual and collective to accomplish what Timmermans (2008: 170) refers to as disciplinary objectivity, which is accomplished through the "[a]rtful application of insight that comes only with learned experience among peers". This "learned experience among peers" is bound up with the capacity of a specific profession's jurisdictional domains to establish standards and routines for how to visually inspect an entity or a specimen (Timmermans and Epstein 2010; Lampland and Star 2009 ).
An understanding of standards is thus an essential part of these theoretical concepts. Brunsson et al. (2012: 616) define a standard quite broadly as " [a] rule of common and voluntary use, decided by one or several people or organizations". The role of standards, Timmermans and Berg (1997: 273) argue, is to make actions "comparable over time and space" and to combine resources in meaningful ways when handling local problems. The very term standard thus easily conjures an image of dull and grey administrative routines and accompanying sanctions against deviations therefrom. However, Timmermans and Berg (1997) , as well as other scholars (Wright et al. 2012) , stress how standards enable creativity and create spaces for collaborative improvisation. Classificatory schemes, especially in scientific practice, are temporarily corroborated, but may be subject to modifications as new data is reported and anomalies accumulate (e.g., "sub-standard" embryos leading to unexpected pregnancies) (Eyal 2013; Navon 2011; Conrad and Potter 2000) .
Professional vision includes a variety of know-how, skills, and material resources and can only be acquired through education, practice, and training. Drawing on the work of Ludwik Fleck (1979) and his concepts of thought collectives and thought styles, Daston (2008: 99) suggests that a newcomer to a discipline, in our example in the life sciences, needs to undergo months or even years of training to be able to make credible accounts of what is seen: "The novice sees only blurs and blobs under the microscope; experience and training are required to make sense of this visual chaos, to be able to see things". Studies of the use of visual practices and ways of seeing in, e.g., radiology (Burri 2008) , protein crystallography (Myers 2008) , and more specifically in the uses of medical visualization technologies such as magnetic resonance imaging (MRI) (Alac 2008; Joyce 2008; Roepstorff 2007) , computer tomography (Saunders 2007) , and positron emission tomography (PET) (Dumit 2004) demonstrate that the capacity to inspect photographic plates and other media for inscription, is a non-trivial matter demanding substantial training and experience.
In this view, professional vision is heavily "disciplined" in all senses of the term: it is a form of vision both acquired and trained through diligent practice, and it is a vision that is determined by disciplinary boundaries, work organization and categorizations. Hartswood et al. (2002) , in their study of visual practices in breast screening argue that standards serve to coordinate assessments between different analysts, at the same time that an independent and credible account is needed to confirm the value of the standard. This makes professional vision what is simultaneously collective and personal, oscillating between intersubjective modes of visuality and ways of seeing based on professional, individual integrity (Hartswood et al. 2002: 95) . Timmermans and Berg (1997: 275) use the term local universality to emphasize how real-time work is of necessity via a localized process based on "[n]egotiations and pre-existing institutional, infrastructural, and material relations". The term universal here denotes how such practices can be transferred in time and space on the basis of standards and routines.
To summarize, in the reviewed earlier studies, two interrelated practices have been highlighted which relate to the organization of professional vision. The first is that scientists make use of a "varied set of scientific methods and tools" as a prerequisite to creating and examining "multiple visual representations" (Vyas 2013: 374) . The professional vision practices are thus based on the assemblage work of visual technologies and tools. "These all required an active and prolonged handling and manipulation of the biological samples (experimental cell samples) and on-screen models throughout different cell culturing processes". (Vyas 2013: 381) Secondly, when analyzing and communicating research findings, scientists rely not only on "bodily activities such as gestures", (e.g., the physical know-how of using the technologies and tools) but also on "external representations" such as charts or notes to make sense out of the visual information (Vyas 2013: 374) . In this view, professional vision is always distributed across a set of technologies, tools, practices, notes, scribbles, models, etc., all adding to the analytical work and closely bound up with the scientists' analytical model.
IVF and the embryologist's vision
The history of reproductive medicine is a story of the development of know-how in a variety of research fields and disciplines including veterinary medicine, gynecology, cytology, microbiology, and experimental medicine at large (Clarke 1998; Harris 1999; Oudshoorn 2003; Franklin and Roberts 2006) . Today, after more than three decades, clinically assisted reproduction practices are widely accepted.
2 However, there are relatively few studies of assisted reproduction practices. One exception is Cussins' (1996 Cussins' ( , 1998 ethnographic study, in which she suggests that IVF therapy is a process that unfolds as an "ontological choreography". This process includes numerous procedures, routines, technologies, and medical devices that serve to produce the embryos transferred to the uterus or, if deemed unqualified, donated to research work or destroyed (see also Nishizaka 2011) . Within these choreographic maneuvers, the specific reproductive material of the embryo plays a central role as being the transitory object between gametes (ova and sperm), the fetus and the living baby (Cussins 1996 (Cussins , 1998 .
Being at the threshold between life and non-life (and thus subject to countless moral, ethical, religious, and policy and regulatory debates and decision-making processes), the embryo is, Becker (2000) suggests, an "elusive object". On one hand, the embryo is the carrier of life, a "baby-in-the making" (Svendsen and Koch 2008: 98) and is thus a venerated and sacred object; in sharp contrast, "low quality", "poor", or even "ugly" embryos are subject to the choice between "the dustbin and research" (Svendsen and Koch 2008: 99) . Embryologists are the professional group granted the jurisdictional discretion to separate and classify embryos into either of these alternatives.
Consistent with the concept of professional vision, the embryologist's medical gaze (Shaw 2012 ) is dependent both on specific technologies (i.e., the microscope) that can create reproductive images (Lie 2012) and classificatory schemes (e.g., Heimer 2001) that structure and guide the selection of embryos to transfer to the womb, to freeze (i.e., save for later), or to become "spare embryos" suitable for, e.g., stem cell research. However, as Svendsen and Koch (2008: 98) emphasize, there are no "beautiful embryos" per se, but such statements are bound up with a series of technologies, practices, scientific theories, clinical data, and assumptions put to use in the embryologists' day-to-day work.
Another study by Ehrich et al. (2010) complement Svendsen and Koch's (2008) work by explicitly examining the embryologists' work to select embryos. As "good embryos" have proven to fail when being transferred to the womb, and, conversely, "less good embryos" have produced pregnancies-even though large-scale data still speaks in favor of the good embryos-the selection criteria need to demonstrate a certain degree of fluidity-tolerate room for variation and subjective assessment. At the same time, the selection criteria need to be naturalized, i.e., reach a stage where "some of the complexities of everyday categories become possible to forget or ignore" (Ehrich et al. 2010 (Ehrich et al. : 2205 .
The embryologists in Ehrich et al. (2010 Ehrich et al. ( : 2207 ) study had to cope with the tension between fluidity and the need for stabilization:
[B]oth clinical and embryology staff felt ambivalent about relying too strictly on the grading process… Fluidity in classifying embryos as worth transferring therefore seemed to some staff a necessary feature of a fair grading system. (Ehrich et al. 2010 (Ehrich et al. : 2207 To modify and improve the accuracy of the classificatory system, embryologists consulted each other regularly to compare their grading of embryos, and in two of the sites studied, "embryologists independently classified a sample of embryos in photographs to compare scores" (Ehrich et al. 2010 (Ehrich et al. : 2207 .
That is, the embryologists' vision is a professional practice that balances and aligns the tensions between:
• Aesthetic, improvisational choices and routine-based selection.
• Individual skills and collective standards.
• Subjective assessment and objective data.
However, the reviewed studies failed to analyze how these practices were part of organizing the professional vision work, focusing instead mainly on the ethical and moral aspects of the selection work, i.e., the non-visual practices being part of the selection work procedure. Relying on the theoretical concept of professional vision and the reviewed previous studies, the empirical material reported in this article seeks to demonstrate how the professional vision of embryologists is both individually and collectively executed in each local laboratory, yet at the same time universalized by standards and routines regarding identification and selection of qualified-at times even described as "beautiful"-embryos.
Using Timmerman and Berg's (1997) term, we will show how the embryologists' vision adheres to local universality, being both subjective without being idiosyncratic, as well as collective and disciplined without being receptive to variation. The embryologists' professional vision is embedded in standards, protocols (e.g., the so-called Istanbul consensus), and routines for inspections. The standards and routines are in turn subject to critical self-correction on the basis of clinical data (i.e., "hard-end data" such as pregnancies and births) that further reinforce and improve the quality of the professional vision. The protocols communicate and represent the visual inspections, yet at the time of the study, other methods and technologies were further developing-as well as competing with-the professional vision practices.
Methodology of the study

Research design and data collection
The present study is based on a case study design (Stake 1996) . Case studies are commonly advocated when there are either few previous studies reported, i.e., there is a need for more contextual understanding of the underlying practices, or when the topic of inquiry is complex, i.e., the field of practice involves many entities and domains of expertise (Eisenhardt 1989 ). In the case of assisted reproduction clinics, both of these qualifying criteria can be claimed to be fulfilled. The case material here is gathered from 9 out of 16 clinics in the Swedish IVF-field.
The present study included 22 interviewees in different assisted reproduction clinics in Sweden, public as well as private. Several of the interviewees were also researchers in the field of reproductive medicine. We also included an interview with a representative from a company who produces visualizing technology for embryos, used in some of the clinics. The choice of data collection method is consistent with previous studies, e.g., Ehrich et al. (2010 Ehrich et al. ( : 2205 , using interviews with "open-ended questions". The everyday work practices in the different clinics proved to be very similar, probably as a result of many of the "founding fathers" (they were in fact male researchers) of Swedish IVF-clinics having worked in both private and public clinics and having actively participated in collaborations between the clinics. Thus, in this study, each clinic was not seen as a separate case, instead we viewed the field or industry of IVF-clinics in Sweden as one case. In total, at the time of the study (2011) (2012) (2013) (2014) (2015) there were six public clinics and ten private clinics in the whole of Sweden. It was estimated that around 150-200 persons were employed in these clinics in toto. For this reason, we chose interviewees from a range of clinics to gain knowledge of as much of the national field as we were given access to. The number of interviewees from each clinic varied from one to six, see Table 1 .
The interviewees included directors of clinics, physicians trained as gynecologists and other medical doctors (some of which were professors in university departments in reproductive medicine), embryologists and biochemists (laboratory specialists, here called "embryologists", three of them were also professors). The study included some of the pioneers of assisted reproduction in Sweden, professors in reproductive medicine or gynecology that have both advanced the clinical practice and various technologies and techniques and that have served as entrepreneurs when private clinics were founded in the major cities in the 1980s. Many of the interviewees had extensive experience from the field and told us about how the field has advanced from being something like a curiosity, based on experimental reproductive medicine, to a full-scale, legitimate clinical practice with good clinical efficacy and high patient safety. The sample of interviewees thus included all of the key professional groups operating in the field of assisted reproduction.
In the present paper, which directs the interest to a key procedure in the extensive assisted reproduction therapy, i.e., that of the embryo selection and transfer, much weight is given to one particular group of informants, the embryologists working in the laboratory. In total, ten lab specialists and embryologists-two of which were heads of their clinics-were interviewed, and many of the other interviewees were working side by side with the embryologists in the clinics and thus also commented on their work. While the interviews with all of the informants played a key role in providing an overview of the clinical practice, the division of labor, the legitimacy of the professional vision work, the general workflow and organization, not all interviewees are represented in this paper with quotes. This may seem like a limited sample, but also "small n studies" may in fact provide relevant insights regarding, e.g., professional work (for an argument, see March et al. 1991; Steinmetz 2004) .
Data analysis
Interviews were transcribed by a professional transcriber and were coded individually by two senior researchers. The interview excerpts were first coded (Strauss and Corbin 1998) on the basis of the basic, empirical content. In the second stage, interview excerpts from the individual interview transcripts were co-located into joint empirical categories. In the third round of coding, these empirical categories were structured into larger "second-order" (i.e., theoretical categories; see Van Maanen 1979) to bridge the theoretical framework and the empirical material (see, e.g., Spradley 1979, Chap. 8) . Examples of such codes were "technology development", "policy and regulations", and "scientific practices". These second-order categories were thus used to "emplot" (White 1987 ) the data into a coherent narrative of how the embryologists align aesthetic improvisational choices with routine-based selection, how the selection is based on individual skills, but also collective standards and finally how the subjective assessment is reconciled with objective data enabling the verification of selection decisions ex post facto has been reported. The data that are of greatest interest are the achieved pregnancies and/or live births.
Embryologists' visual practices
Guided by our review of the chosen previous literature, we present the interviewee's descriptions of the professional vision practices in three interrelated categories. These show how the embryologists, in relation to the other professions in the clinics, bridge the tensions between: (1) aesthetic, improvisational choices and routine-based selection, (2) individual skills and collective standards and (3) subjective assessment and objective data.
Aesthetic, improvisational choices and routine-based selection
Historically when the first IVF-clinics started, physicians did the work in the laboratory. However, soon the new profession of embryologists specialized in the lab work was developed. One of the pioneers explained that this development had been crucial, because of the specialized knowledge and skills needed: "it is so sophisticated, and it is difficult with so many details, that is clear. And the embryologists' position on the panorama of knowledge has only increased lately, with new developments". (Retired pioneer physician at clinic #7) The embryologists handle all the laboratory procedures involving the gametes (the reproductive cells), including the fertilization of the egg in in vitro fertilization in the test tube or through the injection of the sperm into the egg (the ICSI procedure), the growing of the embryos in incubators, the selection of embryos, and the freezing and storage of surplus embryos which are not selected for the transfer for later use. The principal method for selecting the embryo for transfer is morphology analysis (from Greek, morphe, "form"), that is, the visual inspection of the embryo after around 2 days of growth in the incubators. The leader of the lab in clinic #1 explained that this has been the method used since the very beginning, and even if it has been developed, the basics are still very similar: "Of course as time has gone by, we have learned what to look at, but it has more or less been the same". It is in the laboratories that the key work of IVF-clinics is conducted, this was also recognized by the other professionals at the clinics such as the physicians responsible for the treatments: "The laboratory is very much what IVF is. We make sure the lab has something good to work with, but actually that is where the conception happens and the development of the embryo" (Physician at clinic #4).
The routineness of the selection procedures and practices were highlighted by many interviewees, yet the "learning what to look at" is a skill that takes time. The interviewees estimated that it takes about 1 year before you can become certified as a fully trained embryologist, and this requires, among other things, having performed a certain amount of selections. Repeating the procedure, making it routine, gives the practice needed: "You need to have a certain volume to become good at what you do, and to sustain the quality and so on" (Physician, clinic #4). Getting sufficient practice and routine also led to speed, which was a necessary part of making the visual inspections. The decisions are done under time pressure. Since the embryos were grown in incubators designed to recreate the uterus, the embryos were placed under microscopes and inspected outside of heated and protected environments for a minimal amount of time. The assessment thus called for a combination of great carefulness precision, and speed. This is also the case since there are many embryos growing at the same time and a short time windows for when to transfer them back to the womb: "This is a very qualitative type of selection. /…/ In which we have got 2 h to make a decision about which of the embryos that we should be transferring back" (Embryologist #1).
The demand for speed is related to the improvisational aspect of the aesthetic judgements that the embryologists make. Another interviewee explained the demands for almost instinctual decision-making: Even if relying on a gut feeling was described as something terrible in this professional setting, having an open mind was necessary since not all cases could be handled as routine. She continued explaining that the patients with no obviously "good" embryos demanded the most improvisation:
When there are fine embryos, it is not the least complicated. But these boundary embryos, can we really justify to put these back? …We have become more liberal in terms of what we transfer because it is still counted as one attempt [even if no embryo is transferred]. And if we return something, then there is at least a chance. If we transfer nothing, there is no chance at all. (Embryologist #3)
The absence of visually qualified embryos led at times to crucial/critical discussions. The embryologists debated the vitality of embryos that did not comply with the routine predefined aesthetic parameters: "We don't know everything. Some embryos that we don't think are optimal actually can produce a baby", one embryologist (#1) said. Regardless of such insights and the knowledge that even "sub-standard embryos" at times led to pregnancies, the embryologists were concerned when only less "beautiful" embryos were available to transfer, testifying to the aesthetic nature of the visual practices:
There is no problem when there are beautiful embryos to transfer, but to select a crappy one, that is not very fun. /…/ Unless the patients ask, though, we try to avoid the topic. If I tell you that this [embryo] wasn't too good but we'll give it back to you anyway, then you might think you're not getting pregnant. (Embryologist #3)
The aesthetic visual inspection was at times related to what the embryologists "believe in", giving them the finaland to some degree improvised-say: "We have some patients that get no nice ones, and which one to choose in that situation to be able to give her something back? That is the worst part. /…/ [W]e have decided not to transfer anything we do not believe in" (Embryologist #4).
Being able to combine routine, precision, and speed made experience a key quality in an embryologist. The experience also needed to be combined with a belief in ones' professional vision: "This is where experience matters", embryologist #2 said. "One may have seen 100 embryos and another may have seen 100,000, and there are these small differences [in perception]. But it is not only a matter of experience; the more you've seen, the more you believe you know".
Another interviewee also pointed to the calculative routine nature of the selection procedures while at the same time being a "game", where improvisation and the unknown is involved. "It's a… numbers game, I choose the best. She gets 10: I choose the best" embryologist #1 eloquently summarized. Hence, the professional vision practices in this setting involved organizational alignment of both improvisation, when no "beautiful" embryos were easily selected: taking speed, gut-feelings, an open mind and believing in your choice, into account. Yet at the same time, the organization of the practices ensure that they are based on substantial experience, amounts and volume of practice that made it into primarily routine work.
Individual skills and collective standards
The embryologists' work to visually inspect, assess, and select the most suitable embryo was both based in individual skills and competencies and collective practices of visual inspection. While the visual inspection was trained individually, it was always informed by professional vision derived from previous experience and collective standards. That is, while the visual inspection is out of necessity conducted by individual embryologists, their professional vision is constantly subject to collective comparisons and corrections. To accomplish disciplinary objectivity in the embryo selection, the embryologists relied on a system based on international scoring systems which classified similar visual criteria. The embryologists argued that this made it easier to compare embryos with each other, and to communicate within and between clinics. At the time of the study, the most common scale was developed on the basis of the Istanbul consensus 3 , containing the same basic criteria although the scoring systems were sometimes set up differently (going from 1 to 3, or from 4 to 1, A-C, etc.). For an example of an overview of one grading system, see Table 2 .
One of the embryologists explained the visual criteria that are graded and represented in a protocol, based on the collectively developed standards:
We primarily check the number of cells. We select on day two… and by that time, the embryos should have between four and six cells. And then they mustn't be too fragmented, not have a too ugly cytoplasm [The jellylike material that makes up much of a cell inside the cell membrane] and not too uneven size of the cells, which we have a limit on. (Embryologist, #3, emphasis added) Figure 1 shows pictures of embryos at the stage of a few days of development, as an example of the types of visual criteria that the embryologists look at. The embryologists made the assessments of all of the criteria in the protocols in the space of a few minutes, for each embryo.
In addition to the above mentioned visual criteria, embryos with cells which divide too quickly, before the 25-27 h range of time, are given a low grade because this may indicate genetic deviation: "If it moves too fast and cleaves to a three cell by the 25th hour, or a four cell, then it's also an indication of chromosome abnormalities" (Embryologist #1). In addition, the embryos should preferably divide evenly (into an even number of cells) to comply with the predefined standards (Embryologist #2).
The list of criteria shows that the embryo is "a dynamic substance", the leader of the laboratory at clinic #1 pointed out. New technology was being developed to film the embryos inside their heated storage, as they developed to learn whether the timing of events such as cleavage of cells was important:
We can't see the cleavage when we just take them out and look at them and see that they have divided. We don't know if it happened at three in the morning or at seven. Because we can't take them out too many times. (Physician, clinic #8).
Embryologist #2 explained one grading system, emphasizing the effects of the most recent international standards for embryo inspection:
Now we're starting to assess vacuoles per se, according to the consensus document, because it appears as if they are negative for the embryo while the granulates don't make any difference. So, that is a new thing to do, on the basis of the article. (Embryologist #2)
By and large, the principal aesthetic criterion of the embryologist was thus symmetry-the evenness of the cells and the absence of fragments and other esthetically disapproved features of the embryos. Yet in using the protocols and grading systems to judge the degree of symmetry, the reliability of the individual's skills was essential. One of the embryologists explained:
It should be very, sort of strict in how they're determining, when they're grading. So, they're always grading the same embryos the same way. (Embryologist #1)
At the same time that individual skills and experience was highly valued, the inspection of embryos was always a collective procedure. First, in the laboratory, where the day-to-day work was taken care of in teams of two or more embryologists working together and secondly in the joint inspection of embryos in collaboration with other clinics. In one of the clinics (#1) the physicians also took part in a daily meeting, where the selections were discussed and reviewed on a big screen. The "continual dialogue" within the clinics was highlighted by several interviewees. The capacity to collaborate with others and to have your assessments scrutinized by others were thus important qualities in an embryologist:
You need to be able to appreciate collaboration because you are always dependent on other persons doing their share… In our clinic, we have this routine that we are several participating in the assessment of the embryos, to be able to discuss and share a view, so we're not sliding into completely different opinions. (Embryologist #2) Additionally, to calibrate individual and laboratory-based differences in assessment, the different laboratories collaborated to make a joint assessments of embryos:
We do the validation jointly with a few other clinics in Sweden where they have filmed the embryos at different stages… You sit on your own looking at these films and make your assessment… well, looking for different things.
[Then] we jointly examine the embryos to see if there were cases where we made different assessments and then we examine them one more time. (Embryologist #2) After making their individual assessments, the embryologists discussed differences in assessments and specific features of the embryo that were problematic to reach an agreement on. In the unclear cases, there were more discussions and different embryologists had at times alternative or even opposite views: "In this grey zone, they may have more fragmentation; uneven in size. A few embryos have all these characteristics, you know. They are complicated to assess. Some of us say ‛that's good quality!' while others think ‛I wouldn't go for that one!'" (Embryologist #5). Again, it is the embryos deviating from the norm that causes the most discussions: "You notice when we are like five persons looking at the same embryo. And if you have a patient with-how should I put this-somewhat lower quality (of reproductive materials), you notice that we make different assessments compared to the ones we would make if we have a top-quality patient." (Embryologist #3). She continued to once again emphasize that quick and joint assessments are important:
In the cases which are crystal clear, then there are no problems doing it on your own, but in the questionable cases, it is good this to discuss them with someone. 'Is this about 20 percent fragments or is it more like 30 percent?' 'What can we agree on in this case?' 'Are there two nuclei in this cell or is there just one?' The more eyes that see, the better it is. And then there is the time factor; it is supposed to be done quite fast. /…/ We're trying to reach an agreement. (Embryologist #3) As the examples show, the protocols and standards made it possible to communicate and discuss the embryos that the individuals looked at and assessed with their professional vision.
"The cells don't answer, they are just there and you have to work with them in the best possible way", the head of the lab in clinic #2 said. He argued that the collective comparisons between clinics made the treatments more equal in the country, which was good because it should not matter which clinic the patients turned to:
But then always when you are doing a morphological assessment of a living system, there are incredible amounts of variation. That is why it is important that you follow scientific parameters. /…/ This is a system to make sure that it is very similar.
At another clinic (#3), the physician told us that a computer program was used to feed in the different criteria from the protocols. Based on algorithms, the program then calculated a more exact scoring than was otherwise done by weighing the different criteria together manually.
In summary, the embryologist's professional vision is on the one hand embedded in individual skills in discerning the morphological features of the embryos, and the collective capacity to align and balance individual accounts and professional objectivity through the joint routines for assessing the embryos. The coding schemes and the international standards being enacted here played a key role in determining professional vision practices. However, the standards were ultimately being determined by clinical data, as will be shown in the next section.
3
Subjective assessment and objective data
Like in many other scientific communities (see, e.g., Sommerlund 2006: 918), "subjectivity" was the demon of the embryo selection procedure, which needed to be handled properly. This was organized so that embryologists register their subjective assessment in a protocol and eventually then the selection of the embryo can be verified empirically in terms of pregnancy or miscarriage data. Much of the data in Sweden is available in an open access yearly statistical report that compares the results of the clinics in Sweden 4 : "We know extremely well how we are succeeding. /…/ But there are no big variations [between clinics]." (Physician, clinic #4).
IVF-clinics collect and examine extensive statistical data on the patients' age and health, but also the morphology of the gametes and embryos at different points in time together with the treatment and lab-protocols followed, and the outcome in the form of pregnancies and live births. Through such data, the embryologists can over time evaluate what kind of appearance embryos have which are more likely to lead to pregnancies and consequently their visual inspection and assessment is verified by clinical data. For the embryologists, they learned after a few days whether their work had led to any pregnancies: So, you can always look back into the data and everything. /…/ And then we go in and we look in her files and we look at 'what did the embryo look like?' Because we always take a photo of the embryos that we transferred. "What did he look like?" (Embryologist, #1)
Since the clinical practice in Europe and the Nordic countries stresses the importance of one-embryo transfer to reduce the risks of twin-delivery of the baby, there is particularly good clinical data supporting the visual inspection of individual embryos in these countries:
They transfer more embryos, as they do in the U.S., then you cannot tell which embryo [became the fetus]…so we get a good quality control on what we're doing. (Embryologist, #2) Using good methods in the laboratory were described as essential for the clinics' success in producing pregnancies, by all of the professions working at the clinics, since this was the end result the whole clinic was judged by: "Having good people in the lab that can learn these methods so that you can get results, that is what the patients want, they want to become pregnant." (Physician, clinic #4) Regardless of all the difficulties involved in assessing and selecting embryos after 2-5 days of growth in the incubator, the embryologists were convinced their expertise made a difference in the end: "I think [our assessment] makes a substantial difference...If you would choose embryos that don't look great at all, then there wouldn't be any good results. So, it really matters." (Embryologist #2) Another of the embryologists described her role in the industry primarily as being the one who selects which embryo to transfer:
At times there is this weird feeling that 'here I am, making all these selections: this one I accept, that one I wouldn't.' At the same time, we have our reasons for doing this, but still 'who am I to decide?'-those thoughts may come. But we are educated and trained, and who else could make the decision?…It is us working in the lab that take care of them [the embryos] all the time, handling them, and know how they are, based on the knowledge we have today. (Embryologist #3) The clinical data supported their choice of embryos complying with predefined standards, yet it also testified to the limited understanding of the biological processes of the post-transfer pregnancy. When collecting the clinical data, low-quality embryos had a lower pregnancy frequency, even though some still led to pregnancy:
Statistically speaking though, these grade-three embryos have been proven to lead to pregnancies but at a lower frequency. So, the chances are not zero. /…/ It is not that complicated to get statistics out of the database, so we retrieved the data and we learned that the pregnancy frequency was between 10 and 15 percent rather than 35 and 40 percent. So, it is definitely not zero. So, if you have nothing else, it is worth trying. (Embryologist #4) Perhaps for this reason, the interviewees-the embryologists as well as their physician colleagues at the clinicstestified to an unease in relying on visual assessments, due to their subjective nature and the fact that many unknown factors exist. Many mentioned that there has been much emphasis on and hope for methodological development, e.g., genomics (the screening of the DNA sequence of the embryo) or metabolomics (the measurement of metabolites emitted by embryos into the media in which they grow) Everyone is looking for something, and what I think is closest in the pipeline in order for us to move forward, or what should be in the pipeline, is better methods for choosing which embryos to transfer back to the womb. That is probably the most important. /…/ Our method today is looking into the microscope. (Physician, clinic #1) Also, there were hopes that the new constant videorecording of the embryos inside the incubators would reveal new and more objectively verifiable criteria that would improve the rate of pregnancies: "But we saw some embryos, several divided directly from one to three cells. And maybe they will jump back to two and continue the normal cleavage pattern from there, but as soon as you have seen that uneven cleavage, you immediately know that this embryo is not the best one." (Technology company representative). One of the embryologists stressed the problem of working with subjective visual "appearance" over measurable qualities in the work:
We're looking at different morphological characteristics or, you know, appearance. Characteristics of appearance… Everyone else is trying to look for other ways that you can quantify what a good quality embryo is… You can quantify chromosomes, you can quantify RNA production, you can quantify, you know, protein levels. Or you can either, indirectly get an idea of the viability of the embryo, by looking at, when it grows in a culture drop. /…/ And the problem is, developing a technique that can do that, and have it you know, nice and easy to use inside a lab. /…/ So… the whole thing is trying to cut these large technologies down to a small, practical, easy-to-use, solution. (Embryologist #1) Thus, despite resting on an international system of criteria, the visual inspections were after all perceived, as another embryologist also argued, as "subjective" and not an "exact science" since nothing was "measured" (Embryologist #4). Thus, potentially, future advancement of omics analytical technologies may shift the focus from visual inspection and professional vision, but for the time being, the morphology analyses are dominating in the field. Some of the interviewees were more sceptical of the technological and methodological developments: "No one has shown any advantage with those (genetic) diagnostics, compared to just putting back an embryo that looks good." (Physician at clinic #8). Another of the physicians pointed at the methodological difficulties of moving beyond the morphology analysis of embryos:
One of the reasons for all this emphasis on the embryo is that you can hold it in your hand and study it. /…/ It has been very complicated to intervene and study a woman's womb during pregnancy. (Head of Clinic, Clinic #4) To summarize, despite there being considerable research effort that could further strengthen the embryologists' assessment of which embryo to transfer through non-visual measurements; this work still plays a marginal role in the clinical practice. Instead, the individual and collective professional vision of embryologists, embedded in an internationally enacted grading scheme-taking into account clinically relevant parameters-is the principal means for selecting embryos. As a consequence, regardless of the advancement of the field and the clinical performance of assisted reproduction, the professional vision of embryologists, their examination of life-in-the-making, is thus bridging the subjective and objective data. The examination of life is still a matter of diligently combining morphology analysis and clinical data rather than operating on the basis of a more solid theoretical framework. This professional vision is still not anchored in a comprehensive understanding of human reproduction, but organizes practices that handle the fluidity by collectively representing the embryos with the use of stabilizing standards that are understood within the professional community.
Discussion
Today, assisted reproductive technologies are widespread, resting on solid empirical evidence that testifies to what is considered to be an acceptable level of safety and efficacy of the clinical practices. The entire technoscientific and practico-theoretical field of reproductive medicine and clinical assisted reproduction mobilizes a series of skills, technologies, resources, legal frameworks, and regulatory practices (Styhre and Arman 2015; Waldby and Cooper 2007; Spar 2006; Franklin and Ragoné 1998) . Regardless of the development of new bioanalytical methods (genomics, metabolomics, proteomics, etc.), visual skills and know-how in embryonic morphology remain a backbone competence in this part of reproductive medicine. The embryologists themselves, trained in medicine, biology and bioanalytical sciences, address the morphology analysis as a "qualitative method." Yet, they were in fact counting the cells and scoring the degree of grittiness of the cytoplasm and the hard end-point data (i.e., the rate of pregnancies) could be directly connected to the individual embryos selected. The embryos were inspected in terms of the evenness of their cell division, their symmetry and the transparency of the cytoplasm, and while the "textbook cases" caused little disagreement, the lower-grade embryos invoked short but critical discussions. Therefore, the standard protocol which specifies the selection criteria (Svendsen and Koch 2008: 99) in the morphology analysis include a significant element of "fluidity" (Ehrich et al. 2010 (Ehrich et al. : 2205 , i.e., the classificatory system is designed to accommodate local variation and contingencies. A local universality (Timmermans 2008 ) was shown to be accomplished by the embryologists and the clinics, being both subjective without being idiosyncratic, as well as collective and disciplined without being receptive to variation.
As the morphology analysis is not, Ehrich et al. (2010 Ehrich et al. ( : 2207 propose, "an exact science", there is a tension between individual and collective vision and between the standard embryo selection criteria and the anomalies being reported. This is because less qualified embryos lead to pregnancies, and the other way around, exemplary embryos fail despite aggregated data suggesting otherwise. What Ehrich et al. (2010 Ehrich et al. ( : 2210 refer to as the "built moral environment" of the professional community of embryologists must, therefore, reconcile and handle such tensions.
In the study of Ehrich et al. (2010 Ehrich et al. ( : 2205 , they found a process of naturalization in which the complexities became possible to "forget or ignore". Such ignorance or purposeful forgetting was not represented in our interviews, instead the complexities were openly discussed and the responsibility for difficult decisions was often shared. In cases where embryos were rated lower, the embryologists' professional vision to a greater extent became "collective" compared to the unambiguous cases. While subjective differences in degrees are tolerated by the community of embryologists, deviating views regarding the quality of the embryo engendered animated discussions, only to be verified when clinical data regarding pregnancies was provided after the fact.
In line with Daston's (2008) discussion of visual practices as simultaneously being an individual and collective competence, our study shows how the work of embryologists in their professional vision straddle subjective and communal ways of seeing and effectively reconcile the tensions derived therefrom. When embryologists visually inspect the embryos in the Petri dishes, they examine life both as individuals having the skills, training, and the mandate to select embryos, and as members of a professional community being stabilized and institutionalized on basis of the legal and regulatory frameworks, joint professional practices and standard technologies, and the clinical data reported back to the laboratories. In other words, the embryologists' professional vision is subjective, yet always informed and shaped in advance by the standard protocol. The standard protocol itself, subject to continuous modification and correction, contains degrees of fluidity to effectively accommodate outliers that defy the conventional wisdom that "good embryos" are favored over "low-quality embryos". For instance, if there would be no evidence of low-quality embryos in fact leading to pregnancies, then such embryos would have been excluded once and for all.
At the heart of effective professional vision lies the capacity to claim the ability to inspect, e.g., an entity such as an embryo through the lens of disciplinary objectivity (Timmermans 2008) . When disciplinary objectivity is accomplished, the professional vision of the embryologist aligns and brings into harmony all the tensions and conditions, which need to be embodied in the ways of seeing that is conducive to qualified embryo selection. This makes professional vision an organized and managed visual practice, including standards and routines for joint seeing. This study, therefore, adds to previous studies of professional vision and embryologists' visual practices an emphasis on organizational activities that either support and reinforce, or, on the contrary, weaken and disqualify collective visual practices. It also adds a case study of professional vision among a group that is essential for this branch of reproductive medicine. That is, professional vision is an organizational resource and accomplishment worthy of further scholarly attention.
Conclusion
Drawing on the literature on professional vision, this article provides empirical data that shows that embryologists working in assisted reproduction laboratories are educated, trained and continually organized to comply with professional standards and protocols in assessing the embryos grown in incubators. The goal is to accomplish both professional objectivity and good clinical efficacy and safety. This demands that embryologists inspecting and grade the embryos on the basis of a standardized protocol, yet that these maintain openness towards improvisation and unexpected outcomes, i.e., what is not yet accommodated by the protocol. In cases of high quality reproductive materials, there is little controversy, but when all or most embryos from one patient get low scores, there are discussions among colleagues. The embryologists' professional vision is, therefore, both an individual and collective accomplishment and a practice being corrected on the basis of clinical data. The study contributes to the emerging scholarship on visuality and professional vision in organizations, specifically to how standards are used in such practices. In addition, the study adds to the research on assisted reproduction technology, which has also recently been researched by organization studies' scholars (Gherardi and Perrotta 2010) .
